INTRODUCTION
Hydrogen-based energy storage and supply for the modern world is currently one of the concepts under thorough evaluation and consideration. Thus the hydrogen production is a key component of hydrogen-based energy concepts. Currently, most of hydrogen is produced by steam reforming of natural gas and other hydrocarbons-based feed stock [1] . Among the various methods developed for the hydrogen production from renewable energy sources, water electrolysis is considered as one of the most practical and flexible technology. In particular, polymer electrolyte membrane (PEM) electrolysis offers a sustainable solution to produce hydrogen, which may be coupled with intermittent renewable energy sources (e.g. wind and solar) [2] .
However, the penetration of PEM water electrolysis technology into industrial large-scale applications is slow due to the relatively high costs of its components including polymer electrolyte membrane, current collectors and noble metals-based electrocatalysts [3] . Electrochemical hydrogen evolution reaction (HER) and oxygene evolution reaction (OER) in acidic electrolyte are fast only occurring on the surface of the noble metal-based catalysts, i.e. Pt and Ir (IrO 2 ), respectively. Actually, OER takes place in harsh and severe conditions of high anodic potentials and acidic environment which determine the high corrosion rate of typical OER catalysts i.e. Ir oxides and Ir blacks. Thus to provide long electrolyzer service time, high Ir loadings are necessary (for instance up to 2 -4 mg cm -2 of Ir loading is used currently at anode) [4] . Thus, the depositing of Iron a support material with high surface area could be an effective way to increase its utilization and to decrease its loading. However, choice of materials that can be used as Irsupports are limited [5] .
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Magneli phase titanium oxides own high electrical conductivity combined with excellent corrosion resistance and, thus, are promising candidates for OER catalyst support. Moreover, its hypo-d-electron character implies realization of electronic interactions with the hyper-d-electron Ir, leading to synergy and improved efficiency [6, 7] . In presented study Ir-based electrocatalysts supported on conductive titanium oxides were synthesized and evaluated. Their activities in OER were evaluated by electrochemical methods such as cyclic voltammetry and rotating disk electrode voltammetry. The data related to the structure and morphology of the catalysts were obtained using transmission electron microscopy (TEM).
EXPERIMENTAL PART
Commercial IrO x (TKK, Japan) and Ir 0.7 Ru 0.3 O x synthesized by the Adams fusion method as described in [8] were taken as amorphousand a polycrystalline benchmarks respectively. The Ti 4 O 7 supported catalyst with 30 wt.%Ir content was synthesized as follows. The calculated amount of the Ir nanoparticle precursor (H 2 IrCl 6 6Н 2 О) was added to the three-neck flask containing the ethyleneglycol(EG), with constant stirring. A prehomogenized solution of the Ti 4 O 7 support in deionized water and isopropanol was added dropwise to the reaction volume with constant stirring, after which the temperature of the mixture wasslowly increased up to 75 °C. Adsorption step was carried out with argon purging at a constant temperature of 75 °C for 2 hours. Then the temperature of the mixture was sharply increased up to 100 °C and the reduction of Ir was carried out with argon purgingas well for 4 hours. Next, the mixture was cooled down to room temperature and the resulting catalyst was washed in deionized water at least 3 times until neutral pH and dried at 70 °C for 48 hours.
Transmission electron microscopy was performed using Titan TM 80-300 S/TEM (FEI, USA). Samples were prepared by ultrasonic treatment of catalyst in EtOH for 12 min followed by pipetting the mixture onto a Lacey (thin, X-ray amorphous) carbon film supported on a copper grid.
The rotating disk electrode study methodology provided by HySA Infrastructure (South Africa) was used and validated at their facilities at North-West University. A standard ink for electrochemical measurements contained 10 mg of the catalyst powder was prepared through ultrasound treatment for 20 min in 3 ml of water and 2 ml of 2-propanol solution. Then 5 μl aliquot was pipetted onto polished polycrystalline gold electrode followed by 5 μl of 0.05% Nafion solution (10 wt%, Sigma Aldrich) capping. Electrochemical characterization of catalysts was performed in aglass three electrode cell (Pine instruments, USA) containing 0.1 M HClO 4 using a Pt wire as counter electrode and an Ag/AgCl/sat. KCl reference electrode equipped with MSR rotator (Pine instruments, USA). Linear polarization curves were taken in the potential range 1.2−1.6 V vs RHE at 5 mV s −1 sweep rate and a rotation speed of 2500 rpm. Cyclic voltammetry measurements were performed in the potential range.
Catalysts active surface area was evaluated as a voltammetric charge measured in the potential range 0.4 -1.3 V (vs. RHE) at 100 mV s −1 . The average value between anodic and cathodic charge in aforementioned potential range was used [9] . fig. 1) . The support consists of irregular-shape particles with mean particle size of 93 ± 28 nm ( fig. 1 A, B) . It is also seen that Ir nanoparticles of supported electrocatalyst were distributed over the support surface and mainly have spherical shape ( fig. 1 C, D) . The mean Ir particle size is ca. 2.77 nm. However, some nanoparticles form large agglomerates and is not located on the support surface. showing less defined peaks due to the overlap of both Ir and Ru redox processes. Fig. 3 shows the polarization curves and Tafel curves of studied catalysts measured to evaluate their activity in OER and to get insight into the reaction mechanism. The current is normalized to the active surface area (measured as a charge at 0.4 -1.3 V vs. RHE at 100 mV s 
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The synthesized catalyst Ir 30 /Ti 4 O 7 has significantly higher mass activity than its counter parts including the commercial one. According to the results showed in Fig.3 at he us age of supported catalysts allows to reduce the Ir loading up to 3 times maintaining the same catalyst activity. The superior activity is due to the catalyst morphology (small Ir particle size, uniform distribution over the support surface, high surface area etc.) and high conductivity of Ti 4 O 7 support.
Tafel slope (Fig. 3C) 
